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$m$ $n$ $m\geqq n$ Borsuk-Ulam
$7n$. $S^{n}$ $\mathrm{R}^{n}$ $f$ : $S^{m}arrow \mathbb{R}^{n}$ $a\in S^{n\iota}$
$f(a\rangle$ $=f(-a)$ -
Proposition 1.1 (Borsuk-Ulam Theorem). $S^{m}$ $S^{n}$ 2 $C_{2}$
$C_{2}$ $f:S^{m}arrow S^{n}$ $m\leqq n$
$G$ $X$ $\mathrm{Y}$ $G$-
$G$- $\varphi:Xarrow \mathrm{Y}$ $x\in X$ $\varphi(x)\in \mathrm{Y}$
$G_{x}\subset G_{\varphi(x)}$ $G$- $\varphi$ : $Xarrow \mathrm{Y}$ $G$- ($G$-isovariant map)
$x\in X$ $G_{x}=G_{\varphi(\alpha\cdot)}$ $X$
$G$- $x_{1},$ $x_{2}$ $\varphi(x_{1})=\varphi(x_{2})$ $x_{1}=x_{2}$
2 $G$- $\varphi,$ $\psi$ : $Xarrow \mathrm{Y}$ G-
$\varphi$
$\psi$ $G$- $F:X\cross[0,1]arrow \mathrm{Y}$ $G$- $F$ $\varphi$ $\psi$
$G$- $X$ $\mathrm{Y}$ $G$- $G$- $[X, \mathrm{Y}]_{G}^{\mathrm{i}s\mathrm{o}\mathrm{v}}$
Borsuk-Ulam
A. G. Wasserman
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Proposition 1.2 ([5] isovariant Borsuk-Ulam Theorem). $C$, $V,$ $\mathrm{t}V$
$G$ - $G$ - $f$ : $Varrow \mathrm{t}V$
$\dim V-\dim V^{G}\leqq\dim W-\dim W^{C\prime}$ (1)
Borsuk-Ulam
[2] G-
$\mathrm{B}\mathrm{o}\mathrm{r}s\iota \mathrm{l}\mathrm{k}- \mathrm{U}\mathrm{l}\mathrm{a}\mathrm{I}\mathrm{n}$ $G$ $n$ $C_{1\iota}$
$C_{f\iota}$.- $C_{n}$-
Theorem A. $G$ $M$ $G$ - $m$ $mod|G|$
$W$ $G$ $M$ $G$- $S\mathrm{T}- \mathrm{t}^{j}$’ G-
$f$ : $Marrow SW$ $G$ $H$
$\dim M+1\leqq\dim SW-\dim SW^{H}$ (2)
$SW^{H}=\emptyset$ $\dim SW^{H}=-1$
$G$ $SW$ $SW^{>1}=$ $\cup$ $SW^{H}$
$\{1\}\neq H\leq G$
$\mathrm{C}\mathrm{o}\mathrm{r}\mathrm{o}\mathrm{u}\mathrm{a}\mathrm{r}_{\vee}\mathrm{v}$
Corollary B. $G$ $M$ $G$- $rn$ $mod|G|$
$W$ $G$ A’I $G$- $SW$ G-
$f:Marrow SW$






Theorem C. $C_{n}$ $n$ $\lambda,f$ Cn- m-
C\infty $W$ $C_{n}$,
$\dim\Lambda\prime f+1\leqq \mathrm{d}\mathrm{i}\ln SW-\dim SW^{>1}$ (3)
$M$ $G$ - $SW$ $G$- $f$ : $Marrow SW$
$G$- G-
Theorem $\mathrm{C}$ (3) G-
– (3) 5 $\mathrm{C}\mathrm{o}\mathrm{r}\mathrm{o}\mathrm{U}\epsilon x\prime \mathrm{y}$
$\mathrm{E}$
$\mathrm{m}\mathrm{D}_{f\mathrm{o}}$ ; $[M, SW]_{C}^{\mathrm{i}\mathrm{s}\mathrm{o}\mathrm{v}},‘arrow\oplus_{H\in A}\mathbb{Z}$ $[M_{;} SW]_{C_{n}}^{\mathrm{i}x\mathrm{e}}$
$f_{0}$ $M$ $SW$ Cn-
$A=\{H\in \mathrm{I}\mathrm{s}\mathrm{o}(W)|\dim SW^{H}=\mathrm{d}i\mathrm{m}SW^{>1}\}$




[4] 4 $\mathrm{C}$ 5
$C_{n}$.- (Corollary E) 6
2 Theorem A
$\mathrm{T}\mathrm{h}\infty \mathrm{r}\mathrm{e}\mathrm{n}\mathrm{l}$ A $M$ Thmrem A
$W$ $G$
Lemma 2.1. $M$ $G$ $m$ C\infty $W$ $G$
$p$ $|G|$ – M $W$ $SW$ $G$ - $f:Marrow SW$
$M$ $S(W^{C_{\mathrm{p}}})^{\perp}$ $f_{p}$
Proof. $f$ : $Marrow SW$ $G$- $C_{\mathrm{p}}$-
$M$ $C_{p}$- $f$ $SW$ $C_{\mathrm{P}}$ $\mathit{1}\mathrm{V}I$
$f$ $C_{p}$,- $f(\mathrm{A}\prime I)$ $C_{l)}$- $p$
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$S\mathrm{t}\prime \mathrm{t}^{\gamma}$
$C_{p}$- > $P$ $SW^{C_{\mathrm{p}}}$
$f(M)\subset SW\backslash SW^{C_{\ovalbox{\tt\small REJECT}}}P$
$C_{p}$ $S(W^{C_{\mathrm{P}}})^{\perp}$ $SW\backslash SW^{C_{p}}$ $S(\mathrm{P}V^{C_{p}})^{\perp}$ G-
$SW\backslash SW^{C_{\mathrm{P}}}’\simeq_{C_{p}}W\backslash W^{C_{P}}=((\iota,V^{C_{\mathrm{p}}})^{\perp}\backslash \{0\})\mathrm{x}W^{C_{P}}\simeq c_{p}.(\mathrm{I}V^{C_{\mathrm{P}}})^{\perp}\backslash (0\}\cdot\simeq_{C_{p}}S(W^{C_{P}})^{\perp}$
$f$ $C_{P}$-. $f_{p}$ : $Marrow S(W^{C_{\rho}})^{\perp}$
$H_{*}(M;\mathbb{Z}/|G|)\cong H_{*}(S^{m};\mathbb{Z}/|G|)$ $|G|$ $P$
$H_{*}(M_{!}\mathbb{Z}/p)\cong H_{*}(S^{m};\mathbb{Z}/p)$ Lemma 2.1 $C_{p}$- $f_{\mathrm{P}}$ : $Marrow S\mathrm{V}V^{C_{\mathrm{p}}}$
$C_{p^{-}}\mathrm{B}\mathrm{o}\mathrm{r}\mathrm{s}\mathrm{u}\mathrm{k}$ -Ulam ([1] )
$\dim M\leqq\dim S(W^{C_{/p}})^{\perp}=\mathrm{d}\mathrm{i}mSW-\mathrm{d}\mathrm{i}\mathrm{m}.SW^{C_{\mathrm{p}}}-1$ (4)
$G$ – $H$ $C_{P}$
$\dim M+1\leqq\dim SW-\mathrm{d}\mathrm{i}\mathrm{n}1SW^{C_{\mathrm{p}}}\leqq\dim SW-\vec{\mathrm{d}}\mathrm{i}\mathrm{m}SW^{H}$ (5)
Corollary $\mathrm{B}$ $\dim SW^{>1}=\max_{\{1\}\neq H\leq G}\dim SW^{H}$
3




G-CW $X\backslash A$ $G$ $n\geqq 0$
$\mathrm{x}_{n}$ $X_{n-1}$ $G(=G/\{e\})$ $n$- ( $n$- )




$X$ $G$- $X_{n}$ $H_{n}(X_{n}, X_{f\iota-1}’)$ G-
$H_{n}(X_{n}, X_{n-1})$ $\mathbb{Z}G$- $C_{*}(X., A)$
$\pi$ $\mathbb{Z}G$-
$C_{G}^{*}(X_{i}A_{\backslash }\pi):=\mathrm{H}\mathrm{o}\mathrm{I}\mathrm{I}\mathrm{l}\mathrm{Z}c(C_{*}’(X, A);\pi)$
(X, $A_{:}\pi$) $\mathbb{Z}G$- $\pi$ $X/G\backslash A/G$
$\{\pi\}$
$\mathfrak{H}_{G}^{*}(X,A;\pi)\cong H^{*}(X/G,A/G, \{\pi\})$
$\mathrm{Y}$ $n$- $G$- $\pi_{1}(\mathrm{Y}, y)$ $\pi_{n}(\mathrm{Y}, y)$
$n\geqq 1$ $\mathrm{Y}$
$\pi_{l}$, $(Y \mathrm{y})arrow[S^{n}, \mathrm{Y}]=\pi_{n}(\mathrm{Y})$
$\mathrm{Y}$ $G$- $\pi_{n}(\mathrm{Y})$ $G$- $\pi_{n}(\mathrm{Y})$ ZG-
$\mathrm{Y}$ n, $G$-
$\mathfrak{H}_{G}^{*}(X,A;\pi_{n}(\mathrm{Y}))\cong H^{*}(X/G, A/G,\pi_{n}(\mathrm{Y}))$
Proposition 3.1 ([4]). $G$ (X, $A$) G-CW $X\backslash A$ $G$
$\mathrm{Y}$ $n$ - $G$ -
1 . $\mathfrak{H}_{G}^{*}(X, A;\pi_{*-1}(\mathrm{Y}))=0$ $G$- $f$ : $Aarrow \mathrm{Y}$ $G$ - $F:Xarrow \mathrm{Y}$







Lemma 4.1. $A$ $G$ $H$ $H’$
$\mathit{1}$ . $<H,$ $H’>$ $H$ $H’$ $<H,$ $H’>\not\in A$
2. $W^{H}\neq \mathcal{W}^{rH’}$
Proof. $H_{1}.H_{2}\in A$ $H_{1}\subset H_{2}$ $H_{1}=H_{2}$
$H_{1}\neq^{H_{2}}\subset$ $G_{x}=H_{1}$ $x\in SW^{r}$ $x\not\in SW^{H_{2}}$
$SW^{H_{2}}\neq\subset sW^{H_{1}}$
$\dim SW^{H_{2}}<\dim SW^{H_{1}}$ $A$ $H_{2}\not\in A$
$H_{1}=H_{2}$ (1) $<H_{\backslash }.H’>\in A$
$<H,$ $H’>=H=H’$ $<H.,$ $H’>\not\in A$
(2) $\mathrm{T}l^{\gamma H}\cap W^{H’}=W^{<H,H’>}$
$<H,H’>\not\in A$ $A$ $\dim SW^{<H.H’>}<\dim SW^{>1}$ $=\dim SW^{H}$
$W^{H}\neq lV^{H’}$
SW ae $=SW\backslash SlV^{>1}$ $C_{n}$ SUv
$\mathfrak{H}_{G}^{l}(M,\pi_{\mathrm{t}-1}(SW_{\mathrm{k}\mathrm{e}\mathrm{e}}))$ Cn- $f$ : $Marrow SW_{\mathrm{b}\mathrm{e}\mathrm{e}}$
Lemma 4.2. S ae
Proof. $SW_{\mathrm{f}\mathrm{r}\mathrm{e}\mathrm{e}}=SW\backslash SW^{>1}$ dinl $M+1\leqq\dim SW-\dim SW^{>1}$
$\dim SW-\dim SW^{>1}\geqq 1$ Slr rae\neq \emptyset
Lemma 4.3. $SW\triangleright \mathrm{e}\mathrm{e}$
$SW_{\mathrm{f}\mathrm{r}\mathrm{a}\mathrm{e}}=SW\backslash SW^{>1}$ Proposition 4.4 $\dim SW-\mathrm{d}\mathrm{i}mSW^{>1}\geqq$
2 ( 2 ) SWb
$k=\dim SW-\dim SW^{>1}$
Proposition4.4. $SW_{\mathrm{f}\mathrm{r}\mathrm{e}\mathrm{e}}$ (k–2)-
Proof. Lemma 4.2 $SW_{\mathrm{f}r\text{ }}$ SWfH
– $k\geqq 2$ $d\leqq k-2$ $d$
$\pi_{d}(S\}\gamma_{\mathrm{f}\mathrm{r}\mathrm{a}\mathrm{e}})=0$
$\varphi$ : Sd\rightarrow SWb
$(d+1)+\mathrm{d}\mathrm{i}\mathrm{n}\mathrm{l}SW^{>1}<\dim S7\mathrm{t}^{\gamma}$
97
null $\mathrm{h}\mathrm{o}\mathrm{I}n\mathrm{o}\mathrm{t}.\mathrm{o}\mathrm{p}\mathrm{i}\mathrm{c}$ $d\leqq k-2$ $\pi_{d}(SW_{\mathrm{f}\mathrm{r}\mathrm{e}\mathrm{e}})=0$
Proposition 4.5. $SW_{t\mathrm{r}\mathrm{e}\mathrm{e}}$ (k–l)-
Proof. $k>2$ Proposition 4.4 St,Vfr $SW_{\mathrm{f}\mathrm{r}\mathrm{e}\mathrm{e}}$
(k–l)- $k=2$ Lemma 4.6 $\pi_{1}(SW_{\mathrm{f}\mathrm{r}\mathrm{a}\mathrm{e}})$
SW ee 1
Lemma 4.6. $k=2$ $\pi_{1}(SW_{b\mathrm{e}\mathrm{e}})$
Proof.
$S\mathcal{W}_{A-\theta \mathrm{e}\mathrm{e}}^{r}=SW\backslash \cup SW^{H}=\cap(SW\backslash SW^{H})$
$H\in A$ $H\epsilon A$
$1\neq K\in \mathrm{I}\mathrm{s}\mathrm{o}(SW)\backslash A$ $G$ $K$ $A$ $\dim SW-$




$\pi r1(SW_{\mathrm{R}\mathrm{e}\mathrm{e}})\cong\pi_{1}(SW_{A- \mathrm{k}\mathrm{e}\mathrm{e}})$ $SW_{A}$-free $W_{A-\hslash \mathrm{e}\mathrm{e}}=W \backslash \bigcup_{H\in A}W^{H}$
$\pi_{1(W_{A}}$-free) $H\in A$ $k=2$
$\dim(W^{H})^{\perp}=2$ Lemma 4.1
$H\neq H’$ $(W^{H})^{\perp}\neq(W^{H’})^{\perp}$ $W$ $W’$
$W= \bigoplus_{H\in A}(W^{H})^{\perp}\oplus W’$




Lemma 4.7. $C_{n}$ $\pi_{k-1}(S\mathrm{I}^{r}V_{\mathrm{f}\mathrm{r}\mathrm{e}\mathrm{e}})$
Proof. $\pi_{k-1}(SW_{\hslash \mathrm{e}\mathrm{e}}^{r})$ $C_{n}$.- $S^{1}$ $S^{1}$ $g\in C_{1\iota}$.
$e\in C_{n}$. $\tau_{k-1}’(SW_{\mathrm{f}\mathrm{r}\mathrm{e}\mathrm{e}})$ Cn-
ProPosition 4.5 $\mathrm{L}\mathrm{e}\mathrm{I}\mathrm{l}\mathrm{l}\mathrm{I}\mathrm{n}\mathrm{a}4.7$
$\mathfrak{H}_{G}^{*}(M, \pi_{*-1}(SW_{\mathrm{f}\mathrm{r}\mathrm{e}\mathrm{e}}))\cong H^{*}(\mathrm{A}\prime f/C_{n};\pi_{*-1}(SW_{\mathrm{h}\mathrm{e}\mathrm{e}}))$
Proposition 4.4 $q-1\leqq k-2$ $q\leqq k-1$
$H^{q}(\mathrm{A}\prime f/C_{n};\pi_{q-1}(SW_{\mathrm{b}\mathrm{e}\mathrm{e}}\rangle)$ $=0$ $q\geqq k$
diln $M+1\leqq\dim SW-\dim SW^{>1}=k$
$\dim_{\mathit{1}}\backslash \prime f/C_{n}=\dim M=k-1<q$
$q\geqq k$ $q$ $H^{q}(hI/C_{n};\pi_{q-1}(SW_{\mathrm{f}\mathrm{r}\mathrm{e}\mathrm{e}}))=0$
$H^{*}(\mathrm{A}^{J}I/C_{n}’;\pi_{*-1}(SW_{\mathrm{f}\mathrm{r}\mathrm{e}\mathrm{e}}))=0$ $C_{n}$ $m$
$M$ $C_{1\iota}$- $SW_{\mathrm{f}\infty \mathrm{e}}=SW\backslash S\mathrm{t}V^{>1}$ G -
$\Lambda I$
$SW_{\mathrm{f}\mathrm{r}\mathrm{e}\mathrm{e}}$ $M$ $SW$ Cn-
5
$C_{\iota}$,- [$\Lambda,f$, S ’ $[M, SW_{\mathrm{f}\mathrm{r}\mathrm{e}\mathrm{e}}]_{C_{\mathfrak{n}}}$,
$H^{*}(M/C_{n};\pi_{*}(SW_{\mathrm{f}\mathrm{r}\mathrm{e}\mathrm{e}}))$ $M$
$\dim M<k-1$ $\dim M=k$ $q\leqq k-2$
$M$ Proposition 4.4 $\pi_{q}(S\mathrm{W}_{\mathrm{k}\mathrm{e}\mathrm{e}}^{r})=0$ $\mathrm{d}\dot{\mathrm{u}}\mathrm{n}M<k-1$
$q\geqq k-1$ $q$ $\Lambda,f/C_{n}$
$H^{q}(M/C_{n};\pi_{q}(SW_{\mathrm{f}\mathrm{r}\mathrm{e}\mathrm{e}}))=0$ $\dim M=k-1$ $q>k-1$ $q$
$\mathrm{A}\prime f/C_{n}$ $H^{q}(\mathrm{A}f/C_{n};\pi_{q}(SW_{\mathrm{k}\infty}))=0$
Proposition 5.1. $\mathrm{d}\mathrm{i}_{\mathrm{l}}\mathrm{n}M<k-1$ $M$ $SW$
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1: $H^{q}(\mathrm{A}’f/C_{1\iota};\pi_{q}(Sw_{\mathrm{f}\mathrm{r}\mathrm{e}\mathrm{e}}^{r}))$
$\dim M=k-1$ [$M$, SW]
$k=\dim SW-\dim SW^{>1}$ $k$ 2
$\mathrm{A},f$ $M$ $C_{n}$ $M/C_{n}$
$k\geqq 4$
Lemma 5.2. $W$ -
1. , $i$ : $SW_{\mathrm{f}\mathrm{r}\mathrm{e}\mathrm{e}}$ $arrow s\nu\dagger^{\gamma_{A}}$ $i_{*}$ : $\pi_{k-1}(S\mathrm{I}V_{\mathrm{R}\mathrm{e}\mathrm{e}})arrow$
$\pi_{k-1}$ ($SW_{A}$-free)
2. Hurewicz
$h:\pi_{k-1}(SW_{A- \mathrm{h}\mathrm{e}\mathrm{e}})arrow H_{k-1}(SW_{A- \mathrm{k}\mathrm{e}\mathrm{e}})_{7}$ $h’$ : $\pi_{k-1}(SW_{\mathrm{R}\mathrm{e}\mathrm{e}})arrow H_{k-1}(SW_{\mathrm{f}\mathrm{o}\mathrm{e}\mathrm{e}})$
Proof. (1): $SW_{\mathrm{f}\mathrm{r}\mathrm{e}\mathrm{e}}’=SW\backslash SW^{>1}\text{ }SW_{A}$-free $=$
$SW \backslash \bigcup_{H\in A}SW^{H}$ $SW_{A- \mathrm{f}\mathrm{o}\mathrm{e}\mathrm{e}} \backslash SW\mathrm{f}\mathrm{f}\mathrm{e}\mathrm{e}=\bigcup_{H\in \mathrm{I}\mathrm{s}\mathrm{o}(W)\backslash A}SW^{H}$
$\dim SW_{A- \mathrm{f}\mathrm{r}\mathrm{e}\mathrm{e}}^{\vee}\backslash SW_{\mathrm{f}r\mathrm{e}\mathrm{e}}<\dim SW^{>1}$
$\dim(SW_{A- \mathrm{k}\mathrm{a}\mathrm{e}}\backslash SW_{\mathrm{k}\mathrm{e}\mathrm{e}})\leqq$ din $SW^{>1}-2=\dim SW-k-2$
$F:S^{k-1}\mathrm{x}Iarrow SW_{A}$-frae $SW_{\mathrm{k}\mathrm{e}\mathrm{e}}$
diln $SW_{A- \mathrm{f}\mathrm{r}\mathrm{a}\mathrm{e}}-\dim(S^{k-1}\mathrm{x}I)-\dim(SW_{A-\hslash \mathrm{e}\mathrm{e}}\backslash SW_{\mathrm{f}\mathrm{r}\mathrm{a}\mathrm{e}})$




$F$ $F_{0}$ $F_{1}$ $S1’V_{\mathrm{b}\mathrm{e}\mathrm{e}}$
$i_{*}$. $i_{*}$ $F$ : $S^{k-1}\neg s\nu l_{\acute{A}}’$-free
SWm
(2): Lemma 4.3, Proposition 4.4 $s\nu V_{A}$-frae $(k-2)-$
colulected $SW_{A}$-free $SW$
$\mathrm{d}_{\dot{\mathrm{k}}11}SW-\dim\bigcup_{H\in A}S7\mathrm{t}^{rH}=\dim SW-\dim SW^{>1}\geqq 2$
$(k-2)$- $\dim SW^{>1}$
$\dim\bigcup_{H\in A}SW^{H}$ Hurewicz
$\pi_{k-1}(SW_{A- \mathrm{f}\mathrm{r}\mathrm{a}\mathrm{e}})\cong H_{k-1}$( $SW_{A}$-free) $l\iota’$ Lemma 4.3
Proposition 4.4 Hurewicz
Lemma 5.3. $W$ $C_{n}$ -
$\Phi:H_{k-1}(SW_{\mathrm{f}\mathrm{r}\mathrm{a}\mathrm{e}})arrow\bigoplus_{H\in A}H_{k-1}(S(W^{H})^{\perp})\cong\bigoplus_{H\in A}\mathbb{Z}$
.
$H_{k-1}.(SW_{\mathrm{k}\mathrm{e}\mathrm{e}})$ $arrow H_{k-1}(SW_{A-\hslash \mathrm{e}\mathrm{e}})i$
.
$arrow\bigoplus_{H\in A}j.H_{k-1}(SW\backslash SW^{H})$
$\oplus i_{H,arrow}.\bigoplus_{H\in A}H_{k-1}(S(W^{H})^{\perp})\underline{\simeq}\bigoplus_{H\in A}\mathbb{Z}$
$i$ $i$ $i_{H}$
Proof. $i$, Lelnma 5.2 $H_{k-1}.(SW_{A- \mathrm{f}\mathrm{o}\mathrm{e}\mathrm{e}})$
$A=\{H_{1}, H_{2}, \ldots, H_{r}\}$
LIayer-Vietoris
$SW_{Aarrow \mathrm{f}\mathrm{r}\mathrm{e}\mathrm{e}}= \bigcap_{\mathfrak{i}=1}^{f}(SW\backslash SW^{H_{1}})=(\bigcap_{\grave{\mathrm{a}}=1}^{\mathrm{r}-1}(SW\backslash \mathit{8}W^{H_{i}}))\cap(SW\backslash SW^{H,})$
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$(\overline{\bigcap_{i=1}^{r1}}(SW\backslash S’ \mathrm{t}V^{H_{i}}))\cup(SW\backslash SW^{H_{\gamma}})$
$=\overline{\bigcap_{i=1}^{r1}}((SW\backslash SW^{H_{l}})\cup(SW\backslash SW^{H,}))$




$<H_{i:}H_{r}>$ $H_{r}$ $G$ Mayer-Vietoris
$arrow H_{k}(SW\backslash \bigcup_{i=1}^{t-1}s\mathrm{w}^{r<:}H:)H_{r}>arrow H_{k-1}.(S\mathrm{M}_{A- \mathrm{f}\mathrm{r}\mathrm{a}\mathrm{e}}^{\gamma})$ $arrow$
$H_{k-1}(\overline{\bigcap_{i=1}^{\Gamma 1}}(SW\backslash SW^{H_{*}}))\oplus H_{k-1}.(SW\backslash SW^{H_{r}})arrow H_{k-1}(SW\backslash \overline{\bigcup_{i=1}^{t1}}SW^{<HH_{r}\succ}:,)arrow$
$i$ $<H_{i},H_{\gamma}>\not\in A$
$\dim SW^{<H_{i},H_{r}>}\leqq\dim SW^{>1}-2$





$H_{k-1}(SW_{A- \mathrm{k}\mathrm{a}\mathrm{e}})\cong H_{k-1}(\overline{\bigcap_{i=1}^{f1}}(SW\backslash sw^{\prime H_{j}}))\oplus H_{k-1}(SW\backslash SW^{H_{r}})$
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$H^{1}(M/C_{n}:’\tau_{1}(\prime S\nu V_{\theta \mathrm{e}\mathrm{e}}))$ Lemma46
$\mathrm{S}\mathrm{W}_{\mathrm{f}\mathrm{r}\mathrm{a}\mathrm{e}}\subset S\mathrm{W}_{A- \mathrm{f}\mathrm{r}\mathrm{a}\mathrm{e}}’$ $\pi_{1}(SW_{\mathrm{f}\mathrm{r}\mathrm{e}\mathrm{e}}’)\cong\pi_{1}$ ( $SW_{A}$-free) $k\geqq 4$
$\pi_{1}(W_{A- \mathrm{f}\mathrm{r}\mathrm{e}\mathrm{e}}^{r})\underline{\simeq}\oplus_{H\in A}\mathbb{Z}$ $\Phi$
(multi $\mathrm{d}\mathrm{e}\mathrm{g}\mathrm{r}\mathrm{e}\mathrm{e}\rangle$
Deflnition 5.4. $M$ $C_{n}$- (k–l)-





Theorem $\mathrm{D}(\mathrm{H}\mathrm{o}\mathrm{p}\mathrm{f}-\text{ })$ . $M$ $W$ Definition 54
$\mathrm{m}\mathrm{D}\mathrm{e}\mathrm{g}$ : $[M, SW_{\mathrm{f}\mathrm{r}\mathrm{a}\mathrm{e}}]c_{n}arrow\oplus_{H\in A}\mathbb{Z}$
1. $m\mathrm{D}\mathrm{e}\mathrm{g}$
2. $f,g:Marrow SW_{\mathrm{f}\mathrm{r}\mathrm{a}\mathrm{e}}$ Cn\tilde $\mathrm{m}\mathrm{D}\mathrm{e}\mathrm{g}f-\mathrm{m}\mathrm{D}\mathrm{e}\mathrm{g}g\in\oplus_{H\in A}n\mathbb{Z}$
3. $C_{\mathfrak{n}}$ - $f\mathrm{o}$ :M\rightarrow S \infty – $d\in\oplus_{H\in A}n\mathbb{Z}$
$C_{n}$ - $f$ $\mathrm{m}\mathrm{D}\mathrm{e}\mathrm{g}f-\mathrm{m}\mathrm{D}\mathrm{e}\mathrm{g}g=d$
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$M$ $C_{\tau\iota}$ free $C_{7\text{ }}$- $f$ : $Marrow s\nu V$ $f(M)\subset SW_{\mathrm{f}\mathrm{r}\mathrm{e}\mathrm{e}}$
$C_{n^{-}}$ Theorem $\mathrm{D}$
Corollary E. $C_{n}$ - : $Marrow S\mathrm{t}V$ –
$\mathrm{m}\mathrm{D}_{f\mathrm{o}}$ :




$p,q$ $n=pq$ $G=C_{n}=<g>$ $m\in \mathbb{Z}$ $T_{m}$
$\rho_{m}$ : $C_{\iota},arrow SU(1)$ defined by $\rho_{m}(g)(z)=\zeta^{m}z$
$\zeta=\exp(2r_{1}i/n)$
$M=ST_{1}$ , $SW=S(T_{p}\oplus T_{q})$
$C_{p}=<g^{q}>$ $SW^{C_{p}}$ $(z_{1}, z_{2})\in S(T_{p}\oplus T_{q})$
$g^{q}(z_{1}, z_{2})=((g^{q})^{p}z_{1}, (g^{q})^{q}z_{2})=(z_{1},g^{q^{2}}z_{2})$
$(z_{1}, z_{2})$ $z_{2}=0$













$f_{\alpha,\beta}$ : $ST_{1}arrow S(T_{p}.\oplus T_{q})$
$f_{\alpha,\mathit{0}}.( \approx)=\frac{1}{\sqrt{2}}(z^{(1+\alpha q)p}, z^{(1+\theta p)(\mathit{1}})$
G- c $g^{t}\in G$
$f_{\alpha,\beta}(g^{t}z)= \frac{1}{\sqrt{2}}((\zeta^{t}z)^{(1+\alpha q)p}., (\zeta^{t}z)^{(1+\beta p)q})$
$= \frac{1}{\sqrt{2}}(\zeta^{tp}z^{(1+\alpha q)\mathrm{p}}.\zeta^{tq}\prime z^{(1+\beta p)q})$
$= \frac{1}{\sqrt{2}}(g^{t}z^{(1+\alpha q)p}, g^{t}z^{(1+\mathit{0}p)q}.)$
$=g^{t} \frac{1}{\sqrt{2}}(z^{(1+\alpha q)p}z^{\langle 1+\beta p)q})!$
$=g^{t}f_{\alpha,\beta}(z)$
$g^{t}\cdot f\alpha.\beta(z)=f\alpha.\beta(z)$ $t\equiv 0$ (mod $q$) $t\equiv 0$ (lnod P)
$t\equiv 0$ (mod $n$) $f_{\alpha,\beta}$
$T_{\mathrm{p}}$ $T_{q}$
$\mathrm{m}\mathrm{D}\mathrm{e}\mathrm{g}f_{a_{:}\beta}=(\deg(zrightarrow z^{(1+\theta p)q)},\deg(zrightarrow z^{(1+\alpha q)p})=((1+\ell p)q, (1+k^{\wedge}q)p)$
,o
$\mathrm{m}\mathrm{D}_{f\mathrm{o}.\mathfrak{v}}(f_{\alpha,\beta})=(\mathrm{m}\mathrm{D}\mathrm{e}\mathrm{g}f_{\alpha,\beta}-\mathrm{m}\mathrm{D}\mathrm{e}\mathrm{g}f\mathrm{o}_{:}\mathrm{o})/n=(,\theta,\alpha)$
$\mathrm{m}\mathrm{D}_{f\mathrm{o}.0}$ : $[ST_{1}, S(T_{p}\oplus T_{q})]_{C_{n}}^{\mathrm{i}\mathrm{s}\mathrm{o}v}$, $arrow \mathbb{Z}\oplus \mathbb{Z}$
5 S $S(T_{p}\oplus T_{q})$ Cn-
$[ST_{1}, S(’\mathit{1}_{p}^{1}\oplus T_{q})]c_{n}$ –
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